The shear response of a prototypical martensitic system is studied using a simple model incorporating the eAects of both anharmonicity and anomalous phonon behavior. Using parameters determined from experimental phonon data, we show that the pseudoelastic and thermoelastic eAects characteristic of Ni-Al and many other shape-memory alloys are closely related to the observed phonon anomalies.
The shear response of a prototypical martensitic system is studied using a simple model incorporating the eAects of both anharmonicity and anomalous phonon behavior. Using parameters determined from experimental phonon data, we show that the pseudoelastic and thermoelastic eAects characteristic of Ni-Al and many other shape-memory alloys are closely related to the observed phonon anomalies.
PACS numbers: 62.20.Fe, 63.20.Dj, 81.30.Kf The subject of martensitic phase transformation is one of considerable scientific as well as technological interest. Among the martensitic materials, the "shape-memory" alloys have received special attention. ' These alloys exhibit curious elastic behavior near the martensitic transformation temperature (M, ): They can be strained beyond the elastic limit in a reversible manner. In some cases, the return to the initial state occurs when the loading stress is released (pseudoelastic eA'ect) and in other cases the strain recovery is achieved by heating the sample (thermoelastic eft'ect). In many of these systems, partial softening of anomalous phonon modes has been reported as one approaches M, .
However, the role of such premartensitic behavior in first-order displacive phase transitions remains controversial.
To clarify this problem, we use a simple model to study the eAects of phonon anomalies and anharmonicity on the behavior of the parent phase under applied shear stress. We find that the anomalous phonon behavior is closely connected with the pseudoelastic and thermoelastic behavior of the parent crystals just above M, . ' Our results indicate that the anomalous elastic behavior observed in many martensitic systems is an intrinsic property of the parent crystal lattice near M"as opposed to usual materials in which the mechanical properties beyond the elastic limit are determined by dislocations and defects. We focused our attention on the Ni-Al alloys which are well-studied martensitic systems"' for which there exist recent detailed studies of anomalous phonon behavior in correlation with the martensitic transformation (see Fig. 1 (Fig. 3) Fig. 2(a) ], pseudoelastic behavior is observed: On unloading, the system returns completely to the initial state although it is strained beyond the elastic limit. For T=85 K [Fig. 2(c)l, a finite residual strain remains when the stress is released. The system settles into a metastable configuration with the stress-induced M-phase geometry. However, further relaxation with effective force constants corresponding to those of higher temperatures causes the system to return to its original state. Thus, complete strain recovery can be obtained by heating the system to higher temperatures (thermoelastic behavior).
The SS curves from our simple model reproduce all the detailed features observed in experimental stress-loading measurements for many martensitic materials displaying the shape-memory effect. ' The occurrence of these anomalous elastic effects is closely associated with anomalous phonon dispersion: We have repeated our simulations with interaction parameters which are fitted to phonon-dispersion curves with the anomalous dip removed. Pseudoelastic behavior is not observed in these systems.
The transformation stress o& we found numerically in Fig. 2 agrees well with the stress as found from the "common-tangent construction" on the E-S curve in Fig.   3 . Characteristic of the first-order nature of the transformation, the upper yield stress o. " is bigger than o. &.
The value of o. "depends on how easily the M phase nucleates out of the parent phase under external stress, and so it is sensitive to the boundary conditions (it is at the boundary that homogeneity is broken which facilitates nucleation) and also depends on the simulation algorithm. The results shown in Fig. 2 
